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ABSTRACT

More than five hundred similarly tested polymer materials compiled
from SRI, JPL and GSFC sources, successfully screened to meet
acceptable outgassing criteria*l, are presented in both application
and alphabetical categories.

Some polymers with somewhat higher outgassing are included where
they must perform a highly selective function and are the only
materials available to meet special requirements.

A number of acceptable polymer materials suitable for system
combinations are propesed. This material system concept can
effectively increase the application scope of individual polymers
listed, while still meeting outgassing criteria as a system.

*Materrals are heated at 125°C for 24 hours at from 1 x 10 10 1+ 1077 torr, Outgassed products
are condensed on a 25°C surface and weighed Criteria for acer . able materials must be both. less
than | percent total outgassing ard less than 0 | percent condensables
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A COMPILATION OF LOW OUTGASSING POLYMERIC
MATERIALS NORMALLY RECOMMENDED FOR GSFC
COGNIZANT SPACECRAFT

INTRODIJCTION

The new sophisticated series of Goddard cognizant earth observing satellites
together with the anticipated long lived communication, meteorological and
explorer types have spawned new concepts in electro-optics instrumentation,
radiant coolers and millimeter wave black boxes. These require abhsolute
minimums of spacecraft contamination. ERTS oscillating optic elastomeric
silicone dampers must be minimally outgassing. Spacecraft coolers cannot
operate at design temperatures of -120°C if coated with a thickness of outgassed
condensables measured in angstroms. Observations of environment sampling
instrument signals, which might indicate the presence of amire, ammonia, gases,
moisture, etc., require insurance that these molecular species do not emanate
from the parent spacecraft. These are some of the problems which have led to
an increasing need by designers, component manufacturers, contractors and
spacecraft engineers for an initial acceptable first cut list of polymeric engi~
neering materials based on low outgassing characteristics. The successfully
screened materials presented in this document have been ¢ llected since JPL's
early beginnings in 1964 through SRI2 and include those resulting from recent
on-going work at J PL3-and GSFC. GSFC's strong interest in outgassing con-
densables arises from the observed sensitivity of spacecraft electronics,
optics, instrumentation and passive thermal control surfaces, to condensable
contaminants,

The compilation and application discussion will benefit designers and engineers
associated with the various spacecraft technologies by accelerating both the
materials review, and design acceptance process, cutting lead times and costs.
In addition, the testing of questionable vendor submitted materials with their
attendant agonizing delays will be minimized,

Hopefully, tomerrow's design engineer and vendor can attack their complex
prohlems with acceptable low outgassing polyrcer material systems. In addition,
they may be stimulated to utilize in unusual ways, the new range of physical
properties inherent in the latest generation of polymer compositions. Although
the low outgassing compilation wili assist individual engineers in making ac-
ceptable initial polymer selections, it is still highly desirakie that they continue
to seek specialist guidance on hardware compatibility from a total maierial
system environment viewpoint, This is important since there are basic pro-
perties other than outgassing which may determine the selection of a polymer
system to provide optimized service.



DISCUSSION: Material Application Tables

Tables will be discussed where applicable.



Molding Compounds and Laminates for Structural Hardware (Table 1)

The group on molding materials and structural hardware includes readily
available polymers and glass filled systems with individual inherent properties
to fulfill a multitude of spacecraft strength and insulation requirements. In
fact, epoxy boron and epoxy graphite laminate composites similar to those
indicated herein, have, as demonstrated by an Air Force evaluation program 4
exceeded both the tensile strength and modulus values of aluminum on a density
basis. Graphite fiber, resin system structural components have been proposed
with essentially "0" coefficient of thermal explanison, ie.,the antenna dish support
on ATS F.&G. Convair is proposing a graphite resin, tube-structure, optical bench
for the HEAO-C, X-Ray telescopes, that will allow a temperature tolerance of
+100°F as against aluminum's tolerance of +1°F max. before defocusing occurs.
The further versatility of various polymer systems is indicated by Vespel,
Delrin, Teflon and FEP which individually or in combination wiia molybdenum
disulphide can provide exceptionally frictionless surfaces for special situations.
Vespel, Teflon and FEP are both ultraviolet and temperature resistant. The
Delrin and Teflon are relatively poor in regard to particulate energy resistance:
however, the Delrin has excellent dimensional stability with minimal moisture
absorption. Add some glass fiber to all the above and most properties improve.
These materials can provide rods, tubes, gears, housing walls, support, damp-
ing members and machined items of multidimensions and shapes. Although the
polyimide Vespel has a submarginal total outgassing of 1.24%, this is primarily
moisture. It may be considered for use where its excellent combination of
properties, low condensables, low friction coefficient, excellent ultra violet,
particulate radiation and high tempersture resistance are essential to space-
craft function.
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Pottings (Table 2,

The availability of low outgassing, across the board, potting types provides ready
media for the solution of the many problems encountered in space hardware
development.

Cured potting hardnesses vary from the hard epoxies to the semi-rigid; include
the "'Solithane", urethane durometer A through D range and also the flexible
silicones. Pottings are meant to protect and they will if the application is pro-
perly conceived and practiced. Many pottings involve non critical operations
with selection depending on simple criteria of flexibility, electricais, exotherm,
pot life, etc. However, each potting is a problem unto itself and the misinter-
pretation of a singie condition can lead to the loss of a valuable complex piece
of equipment. Pottings are easily formulated to lighter structures by utilizing
glass, silica or ceramic microballoons. Adhesion of balloons to resin may be
increased by surface treatment of balloons with reactive silanes.

The silicones are quality pottings and are recommended for their excellent
electricals, temperature and high voltage resistance. Photo multiplier tubes
should e their main target. Tube assemblies should be designed as a "total
potted package." This implies that the designer must initially consider all
potting operation requirements necessary to produce void free material in a
vacuum environment. Potting specialists should be consulted. Design con-
figurations aimed at potting protection with optimal, not marginal resistance to
corona breakdown, should be given primary consideration. Many problems would
be eliminated if these considerations were made originally. Tubes with exc=llent
electronic characteristics can be ruined by poorly conceived and executed pot-
ting proceedures. Depotting in most cases is impossible.

Potting resins may in many instances be utilized as vehicles to make silver con-
ductive paints for R.F. shielding or for preparing touch up black and white paints
internal to the spacecraft wherever thermal control considerations are minimal,
or as emergency, room temperature setting adhestives. High dielectric constant
materials with K of 25 and higher or configured magnetic structures are easily
formulated and designed. Energy attenuating forms can be made and these

many material types readily formulated in various hardnesses.
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Cellular Structures (Table 3)

In reviewing the selection of available foam systems it is apparent, since they
can be easily formulated in house, that syntactic fcams present no problem from
the viewpoint of outgassing acceptability. Basically an inert wicroballoon phase
embedded in an acceptable potting resin matrix with Cabosil thickener, the pre-
cured material lends itself to troweling. On cure, the balloons provide a rigid
unicellular structure with overall density, depending on microballoon volume,
ranging from about 22 pounds/cu. ft. to possibly 40-50 lbs./cu. ft. Many
acceptable epoxy, urethane or silicone resin systems listed under pottings can
be used in syntactic foam production. The 3M Co. and Emerson & Cumings
supply inert bubbles or microballons.

The low density pourable foams appear to present a problem since there aren't
many vendors with acceptable types. Because of this situation, marginal and
submarginal systems are listed. The Nopco G-302 is the recommended material;
however, if some of the marginal materials are especially uniquely suited to the
specific processing involved, while the G-302 presents a difficultly soluble
problem, the marginal material could be used. I. is important however that

post cure include a moderate temperature vacuum bake out.
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Elastomers, Synthet:¢ Rubber-Damping, Resilience, Sealing (Table 4)

A previous document® noted that a number of silicone elastomers were found
acceptable after a 24-48 hour post cure at 400-480°F. This group has been
further extended to where twentv-six company formulations have been found
suitable, The Viton and fluorocarbon clastomer group have alsv provided excel-
lent low outgassing materials and there are many formulations to select from,
depending on company listed preperties. Although acceptable Vitons have good
high temperature properties, with improved compression set, they are limited
to about ~30°C for useful operation. The many other rubbers available are
traditionally plasticized, 5-40% by weight, to make them either more easily
moldable or to impart special properties. However, these low molecular weight
loosely bound plasticizer molecules are readily releas °d to the vacuum environ-
ment with resultant change in rubber properties and high condensable values.
Three types of specialty rubbers have been noted. They should be used only
when the mission requires the special unique property of the elastomer: i.e.
butyl rubber for gas impermeability situations, butadiene-acrylonitrile formu-
lations for oil resistance and the ethylene-propylene type elastomer in anhydrous
ammonia propulsion systems. The latter was found to be the only type resistant
to cheemical breakdown in this severe environment. It will be noted that some
rec '‘mmendations in this latter group are submarginal. This should alert the
engineer to design for minimal seal exposure or to design around the problem.

In any event it calls for an increa. ed effort to establish more acceptable elastomer

formulations in this critical group.
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Adhesives, Liquid and Film (Table 5)

The adhesives area provides many excellent low outgassing s:'stems, some even
with room temperature cures. These range from the more rigid epoxies to the
low temperature flexible epoxy 828-140 versamide. Even more cold temperature
resistant is the DC-C6-1104 silicone type, flexible to -65°C and nonspalling from
aluminum after one minute in liquid nitrogen. The silicone however is most
suitable for comparatively light loads. This light load applicatior is alsv ex-
emplified by low outgasser Dow Corning 93-500 which has been thoroughly tested
anc recommended for the glass cover slip adhesive on solar arrays. 7.8

Outgassing observations on commercial tapes and their pressure sensitive ad-
hesives indicated, that in general, acrylic adhesives were the best performers.
Resultant iesting of buik acrylic adhesives with pressure sensitive capability
showed that Monsanto's Gelva MP 263, which cross links after application had
excellent outgassing characteristics even at room temperature cure. This ad-
hesive might now be applied, in house, to thin annealed specialty foils of copper,
lead, silver or any other small guantity film required for special characteristics
at nominal temperatures, thus eliminating some of the dependence on tape manu-
facturers. Adhesion to FEP or Teflon would have to be examined. The availability
of these various easily appliable adhesives can provide added scope or dimen-
sions to the designers capability in creating or specifying low outgassing systems.
For example, a thermal blanket might be specified, vaporized aluminum on Kapton
or Mylar with separating layer of Dacron net. 'hold or tie downs' would be
requested in the acceptable Velcro polyester "hook and loop" system using low
outgassing DC-C6-1104 silicone adhesive to adhere the loop and hook tape
elements to the blanket film.

Selection of film adhesives which find application in honeycomb structures is a
problem. Many are submarginal from an outgassing point of view, although having
good strength characteristics. Film adhesive FM-1000 is one of our prime
undesirables in this regard and should be forewarned against because it is so
popular. It has excellent adhesion characteristics but is among the worst out-
gassers. Other marginal adhesives have been recommended not out of choice,

but because there are so few acceptable types.
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Insulation, Dielectrics, Circuit Boards, Tubing, Sleeving (Table 6)

There appear to be few problems associated with the selection of adequate in-
sulation and dielectric materials. However, it should be noted that Teflon PTFE
is subject to cold flow and has comparatively low particulate radiation resistance
in non-radiation protected areas. This is not the case with FEP which has both
good UV and particulate radiation resistance. FEP shouid be surface treated to
provide improved adhesion to potting compounds. Silicone, either as potting or
elastomer, should be one of the insulations considered for high voltage operations.

High temperature resistant silicone coated glass sleeving is often obtained with
undercured outgassing formulations. Such items may be cleaned up by baking
at eleva‘ted temperatures for extended periods of time. Howeer, the designer
can circumvent this problem by specifying an uncoated glass sleeving cleansed
of lubricating oils and coated with DC-C6-1104. As previously indicated under
"pottings", materials with varying dielectric constants can be easily fabricated.

Vinyl insulations with their high percentages of outgassing plasticizers are
undesirable.
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Conduction (Table 7)

It is often desirable that some mode of electrical conduction other than through
wires be used in special spacecraft applications. R.F. shielding and conductive
adhesives demonstrate this important requirement. Shielding can be accomplished
by covering insulated wires with metallic tapes. Onc can also protect the contents
of metal boxes by using silverfilled conductive compounds or gaskets at the cover/
box interface. Such materials also have good thermal conductivity if this is
required. In this regard they make excellent thermocouple contacts to various
substrates. One technique for making conductive coatings is to first select a

low viscosity potting material with good adhesion characteristics from the ac-
ceptable list. This is then blended and catalyzed with about 71-74%, by weight,
flake silver, similar in properties and shape to Handy & Harmon Silflar.e 135.

The cured material should have excellent conductivity.
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Tapes (Table 8)

Tapes . glass, metal, polymer or composites theceof, can be useful on spacecraft
as thermal control coatings, R.F. shielding, current carriers, low friction sur-
faces, radiation shielding, electrical and thermal insulation. Suiwable application
of the above concents have been shown to be dependent on the adhesive component
of the tape. Severai specialty tapes, vapor deposited gold, lead and polyimide
show high outgassing. The availability and use of low outgassing adhesives
applied on site to representative films would allow the designer great ~r freedom
in the selection of processes, and in the important aspect of programming the
particular time, at which the material should be applied. Such adhesives, i.e.,
epoxy, epoxy-versamid, acrylic, and silicone, are available to help develop such
an inhouse application system capability. {See adhesives list.) Note that

most of the tapes have acrylic adhesives.
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Film, Lacing (Tzble 9)

It would appear that a simple item like acceptable lacing could be produced by
many fabricators and in various types, however suitable lacing types are quite
limited in availability. FEP Teflon would he desirable in a gecometry or filled
composition that would minimize its-inherent low coefficient of f-iction. Polyester
type lacings are useful, however most often they contain some coatings which
outgas. These could be scoured or dissolved off in some instances. Irradiated
polyvinylidene fluoride, high molecular weight polyethylene, polygropylene, poly-
vinyl fluoride should make effective aerospace lacings. None have yet made the

scere.
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Paints (Table 10)

Some of the formulations noted in this area are early, desperate in-house attempts
at exploring the use of acceptable potting vehicles or adhesives for paints, since
low outgassing paints were simply unavailable. Many commercial paints require
high temperature bakeouts to even approach submarginal ''total outgassing'
acceptance. The problem probably results from several factors connected with
the conventional use of normally desirable high boilirg, low volatility solver.ts
which are difficult to remove after paint surface case hardening. The paint
vehicles explored were usually 100 percent solids, not considered sprayable,

but which could be brushed cut yielding glossy and flat surfaces. Application
capability was a function of the initial resin-curing agent viscosity and filler
content, However very little is known about the optical characteristics of

these materials and so they are relegated to emergency or touch up functiors.
The Hughson Chemical Co. has within the past two years made available both a
polyurethane black Z-306 and a white TS-1603-16. Both are spiayable systems
and show acceptable outgassing after 3-4 weeks of room temperature drying
without bakeout. Like many other epoxy black paints 3M's Velvet Black, 401
series is a submarginal outgasser, however it is still recommended subject

to rigorous vacuum bakeout because of good radiation resistance and greatly
improved spectral reflectance properties, over a wider frequency spectrum,
15-80u than the Z-306 9, Already, one of our staff has updated the Z-306 to near
optical comparability with the Black Velvet paint series.10 Comparative, com-
bined ultraviolet and particulate radiation resistance have yet to be obtained.
The Hughson paints are recommended in interior spacecraft situations, where
spectral reflectance in the longer wavelengths is not as critical, as in the selec~
tive chopper Radiometer. The inorganic paints dependent on the silicate binders
for cohesion and adherence, and designed for all around radiation stability appear
destined to continue with high total outgassing, primarily water, and low con-
densables. They are listed primarily to indicate tae present state of the art.

A recent potassium titanium fluoride type shows improved total outgassing. In
spite of the excessive moisture release however, some might still be most
desirable for long term space 2xploration where resistance to radiation and
elevated temperatures are important prerequisities. Hopefully the moisture
would be dissipated at temperature and vacuum along the way to the experiment
rendezvous.

The need still exists for easily applied, room temperature cured black and white
low outgassing paints requiring no primer, having excellent low temperature ad-
hesion, good optical characteristics, combined with ultraviolet-particulate :adia-
tion resistant properties. Some novel flexible and rigid silicone white systems
with acceptable outgassing are still being developed. See FC~-GSFC-14W, P764-
1A11 and Owens 650/ZrO in the paint section. If these cannot be fully evaluated
soon, the answer to white paint thermal control may well be the long lived second
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surface inconel backed silver mirror with very low as/ E ratio. These metals
are vacuum deposited on radiation resistant Corning 7940 glass or other higrade
cerium protected, UV resistant silica. An excellently adhering moderately out-
gassing second surface glass mirror system with tested application techniques
has been worked out in this group, and passed OAO thermal vacuum and vibration
testing as a panel system. This presently includes a second surface mirror of
vacuum deposited silver/inconel on glass with Dow Corning 3145 adhesive.
Tests are presently underway using low outgassing Dow Corning C6-1104 ad-
hesive on latest state of the art second surface mirrors having a gold colored
protective inorganic dielectric backup against the silver. Excellent results are
anticipated. Studies will also continue on the inconel backed mirrors employing
Dow Corning C6-1104. The intermediate longevity type represented by second
surface mirrors on FEP film may suffice in low radiation environments for
comparatively short, 1 - 1.5 year, flights. FEP change due to 25-50Kev pro-
ton bombardment may present a long term problem.12
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Conforma! Coatings (Table 11)

Many types of conformal coatings have been examined and it would appear that
those, which are of low viscosity and 100% solids forr.ulated, are most successful
from the outgassing viewpoirt. These are represented by the ¢poxy-versamide
type, epoxies and polyurethanes. It is entirely possible that the group of pre-
viously noted low volatility silicones, GE 566, Dow Corning 93-500 or C6-1104
could also be used in high voltage specialty situations. The solution typ= conformal
coatings, especially the epoxies, appear to lose considerable solvent du.ing

VCM testing, possibly because of previous solvent entrapr. ~nt due to surface

cure.
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Lubricants and Interfaces ~ Liquid Lubricants, Soiid Films, Optica: and
Thermal Grease (Table 12)

There are few design considerations which have received the analysis and
attention by aerospace technologists, as the lubricant interface between moving
parts. These lubricanis may be liquid or solid film. Thec former are generally
represented by silicore oils such as F-50, purified hydrocarbon Apiezon C and
refined azelate, sebacate and/or adipate esters. Apiezon L is a grease with a
hydrocarbon liquid phase. A good deal of the concern with lubricating silicones
even in low speed low load applications has been the high outgassing of the thin
film lubricant vehicle, and in some cases non-standard quality control resulting
in inconsistent properties. Each of the asterisk ind.cated lubricants™ are nor-
mally considered unacceptable outgassers. However, they do have unique lubricat-
ing properties and have often been used on spacecraft in specially designed
sealed systems.

New low outgassing lubricants F6-1101 a fluorosilicone and F6-1107 a chloro-
phenyl siloxane, both servicable from -40 to 400°F have become available from
Dow Corning. Their counter parts are FS-1265 and DC-560.

The F6-1101 however, a fluorinated silicone oil shoxs excellent lubricity in the
four ball wear test, ASTM-D-2266, when compared to either F6-1107, F-50,
chlorophenyl siloxanes, or Apiezon-C hydrocarbon. Wear scar values were 0.42,
1.89, 1.23 and 0.78 millimeters respectively for the four lubricants.14 Some
GSFC evaluation of F6-1101 potential as either an improved lubricant oil or base
for new greases using possibly tricresyl phosphate additive could be fruitful. Here
again it becomes possible for those versed in the art to develop new specialty
lubricants based on these low outgassing oils. Silicone oil creep would have to

be reasessed.

Solid film lubricants are also utilized in spacecraft. These may be polymer
based, epoxy or phenolic molybdenum disulphide types or the inorganic silicate
molybdenum disulphide type. The latter material specified in MIL-L-81329(WP)
Oct '65 was developed by personnel of the Aeronantical Materials Department.15
Details on processing and the latest material technology can be obtained there.
This is an excellent solid lubricant surface when correctly applied. It has flown
on ATS satellites and is recommended in critical areas. It remains to be
evaluated in outgassing tests. Teflon composites have seen satisfactory service
in low load applications and usually have acceptable outgassing values. Low out-
gasecing thermal grease used at interfaces to preserve thermal continuity is a
normal development consideration for low volatility silicone oils. There are
many thermally conducting filler/concentration combinations of greases or
siliccne pottings that can be explored and developed for maximum thermal con-
ducitivity at interfaces. A small investment in time with such fillers as zinc,
aluminum, or possibly beryllium oxidos could provide materials helpful to
thermal control designers.
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Application of more effective low outgassing thermal greases or potting systems
could lead to more exact anticipated temperatures and faster thermal equilibra-
tion of spacecraft, factors necessary to good thermal control.

i
<

A PETYIN
LN .

oyt
B



' paZIUIUIW 33E $193159 BussedIno YA ‘sUONIPUV) [Bldads
Japun pIsn uddq SARY ARUL SIURILIQOY ISAYL "ANJIIT] 1593 WA Y} IPISING SINOY T 10) 110} v.o_ X1 pue ) 171 I8 pATAY BIYM $3550] IYHom JuBdIQR) rNIdY,

Td( §0°0 500 v v na AALESAL 2S/13/uoqresoronyj
ds 100 pE'0 ¥v qv nda 09008 ouardre g As/oeqa/uoqiesoson)
148 10°0 o€ v v na 0L0-08 oudidney As/eeq/uogseaoioniy
s 10°0 0£°0 v v na 080-08 suadre AS/qfuoqresordn)y
o (o) 10°0 10°0 uv Ad4Ld | ¥4 616181€€ dSfuoqresoloniy

$-SW-qeD “dy’

1 ‘qre) *dg’

Lgop dg'9

4956 *dgs
2489 or'o $8°0 D,99 T V956 'dool | s -11-0489-0d 4s/Csop/Axody

no N.o_

‘D STI Upe MAN Twoz

+2 8% Csowdg
2489 10°0 #5°0 ‘D .99 ‘usz’ a'dge/voee ‘door | SO LsoW-9/vpe6 uodg a5/Cson/4xodg
2489 10°0 o v ‘B07/308 | 44 02/08D ysunoy AS/MB/rmee g
2489 10°0 750 uv uopal 0Z/uTed 08 | N1 $Ob uo¥Ing AS/W/uoya/made g
1df $0°0 Lv'o v uolja L, 0z/ulRg 08 | Na AV umpa AS/W/ucuN/rerade °q
248D T 8Tt v uv 10 LPtT T1/80 3uodms
2489 - 00'8 uv uv 49 (@205 96-45 +TTTO suooms
2489 - 00'¥ v v D) (*d> 00$196-4S +T11/RO suooms
2489 - s yv uv b aqnpsIoA ‘0S-A »T1/O suodms
248D L0'0 1r'o ¥v suexofs [Auaydoropys | Da LOT1-94 T1/u0 suooms
2489 90°0 Lo v suexofs (Ayyaw jdusyd | Oa SOT1-94 171/80 suonms
4SO £0°0 $0'0 v suodrsorony | Da 1011-94 T1/n0Q suooms
4S9 #0°0 £0'0 v auexops [Apawp | Od 0011-94 1 i/no suodn'g
2489 100 L1'o av av oa 25828 *3BA-E0T1-9)) 11/D/2u0oms
2489 700 S0'0 v v od 01190 D1/auoNns
1df 100 90°0 av qv ag o 2018 *T-uozandy 17/uoqrecoIpAH
J4sD — 051§ uv v ag Juozady »T1/uoqresorp AH
0489 s <87 v 1o 1ay1a4jod [Ayjeotony | NA XV-£p1 X010 A1) 11/no uoqresoion)y
2489 - 00°001 uv syedipe |Ay001p vod «T1/5013

sonos | sajqususpuod | ssoq auBiom bm..o_uoﬂ__u uopsodwo) 0 oD ‘BN BuK
h vieq pUES X FLESYEY | pue spmoEﬁcu

as83.1) [eULIRY ] pue [eo3dQ ‘swiy Pro§ ‘syueduqnT pinby-s08I2IR] PUE SHUEBDLQI]
z19qeL

46



s L0°0 9" uv v a9 £89-9 OL{oucoms
2459 $0°0 ¥5°0 v v o | #-D1 U0y DLfeuomis
1dr L0°0 1€°0 v v oa L$0-02-0a 00/sucoms
o502 Uz
fus 100 $0°0 +D 08 'UT wyunp | 33 96€T AS[“SoW/aenms
s 100 $0°C J 061 St wy w53 90€t AS/“SoW/onousnd
D489 #0°0 $9'0 v ‘BocfioL | N1 9001 40 AS/1B/o1{9 volAN
1df 10°0 $5°0 qv v od 21501011 ‘2)0RAI0H AS/epdmsIpAON
14s 100 21 A4 v na 1-dS todsap, dsfopmun °4
14s 700 81°0 v qv na 101-86 uoreunry 4S/uojAu/uoqresozonty
1df £0°0 60°0 v B34 1d od juisozon|y 4Sfeqm/uoqmeooionty
1dr v0°0 020 v eojw/3ALd od L0 TT yupsoronjq AS/eotw/fuoqresorony
1df 700 ra &) v q4Id D) 0L8S plomd 1d A8/8/uoqresusonty
A0} &3
womos | samuopuod | sonifom | “olg® | wonsodwes [ oa| e remorexq

pue sjuatiwio)

(panunuod) 3seasn) jeunsay) pue jeondQ ‘swipty pPIOS ‘syueduqnT] pimbyy-s30eajul pue SHUBLGI]

47



wayshs [e)03 ‘13Udlse]

dooj pue oou-ssajure)s ¥SLT
248D 700 £€0°0 v sauas 00€ ISIV [ dA -90€-94-0S 1 OSIA 19915 ssopum1S
s 100 0$'0 14 v na T odAyL T aIkg T/opmn °d
JdS9 600 98°0 av uoreq/uoNlA | X4 —_ se(1/uoqresolontq
14s 700 890 v v na 101-86 uopeuny uojAu/uoqresolon|q
is $0'0 $0°0 uv v WK FALd-s4l “8/uoqresoronij
2489 10°0 100 v 44 av q41d 09T qeywy T3/eoqredorony
s 100 0£°0 av v na 080-08 duardrey seq/uoqsedoront
s 10°0 0€°0 v v na 0L0-08 duardney se(fuoqsedoroni:]
It 100 ¥€°0 v v na 090-08 dudrdney eq/uoqredoroniq
wagsAs [r10) ‘Jousise
248D £0°0 +$°0 v doof pue joou | gA 001 03[ 1H/3%9 4
baai UoIEQg U0 XV-9P-A

2489 600 St'0 av £-T Wiy XNe Iosa ‘g | 9y —_ 02 °d

35U uoroe(g uo
0489 90°0 61°0 v €7 Wpoy xerIapsad | gy _— 19950 °¢

Yo uoldxeg uo
248 #0°0 $0°0 v €7 Wpop xorejIagsa ‘g | 4y —_ 19159 °d
048D 80°0 #9°0 v b4 4 H1 — seqfauosms/n)

dINOT sdjqesuapuo) $807] aﬁ_ﬂz bM—a—M——“ﬂ“ﬂU 505_8“50 o) 2p0) -ﬂhz reuNeR
ereqa pLUENIEY | udId ;
b ¢ SJUIMWIOD
SaUXIL
£1 31981
: SRS S

48



CONCLUSION

One advantage of developing this compilation is that it spotlights areas of

critical material application which lack necessary and effective low outgas-

sing systems. Conversely, it also points up the many new materials and potential
material systems with the inherent possibility of doing things a better way,
cutting costs, simplifying and speeding fabrication. Above all a mutual under-
standing by all involved, relative to the type materials desired, simplifies
selection and dissipates the doubts and misunderstandings of operating without
any initial material guidance.

Many spacecraft contain lightweight honeycomb sandwich structures with
maximum strength chavacteristics provided by excessively outgassing a lhesive
systems. (see film adhesive section.) Where possible, one should analyze
structural requirements to ascertair whether lower outgassers might be suitable,
Gross adhesive outgassing as occurs with FM-1000, table 5, raises the specter
of possible jeopardy to some crucial rnboard experiment. The use of improved
low outgassing adhesives in core struc.ures is additionally recommended.
1Improved, acceptable low outgassing silicone paints are being evaluated. At the
present time, however, second surface silver mirrors on radiation resistant
glass or quartz probably represents the optimum thermal control system, . one
considers both minimal weight penalization and minimal thermal change for
moderately long term flights. Heat pipes have been shown to be very effective
but costly, since configuration standardization is difficult.

There is a need for low outgassing pourable foams in various deusities from
2-10 lbs./cu.ft. There are very few representative types that can be recom-
mended. There is a need for multifunctional lubricants together with pre-
scribed systems within which they can operate and cleanliness procedures for
operational effectiveness. This entire area needs to be opened to the light of
day so that there is a common ground of GSFC concepts, functional systems,
and procedures within the scope of material acceptability. Perhaps the new low
volatile silicone oils and lubricants will provide this impetus.

Little mention has as yet been made in this repert of a previously noted import-
ant concept, pre-vacuum bakeout. All component systems incorporating
"acceptable material" design should be prebaked at ieast 24 hours in a 10-6
torr vacuum at the maximum allowable temperature, i.e. 15-25°C above the
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highest thermal-vacuum test level exposure for the particular spacecraft. This
should be done prior to thermal-vacuum acceptance testing. Marginal systems
should be vacuum baked longer, 48-72 hours. Heat sensitivity of the electronic
components and coefficients of thermal expansion should be primary consider-
ations in determining bakeout temperatures. Temperatures should not exceed
prescribed electronic-component Jimits. The above procedure should eliminate
the possibility of even the very slightest condensable deposits seen occasionally
with very low outgassing materials, in our 125°C vacuum test system.

Thanks to Dr. Benjamin Seidenberg and spacecraft liaison specialists A. Babecki,
J. Grimsley, C. Johnson, T. Sciacca, Dr. G, Eub~nks, L. Kobren, E. Nelson,

E. Miekle, J. Tarply, C. Clatterback, Dr. T. P: . - ..ad C. Haehner who have all
been involved with obtaining critical samples through Goddard spacecraft project
engineers.

Special commendation is due to Mr. Bill Campbell, Aerospace Technician, who

has performed excellently as manager of the GEFC outgassing facility during
the past year.
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Chomerics Inc.
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